Introduction
Polyolefins are very difficult to bond on account of their non-polar, non-porous and chemically inert surfaces. Recently, two-part acrylic adhesives were especially developed for these low surface energy materials, including polyethylene and polypropylene. They also allow bonding these plastics to conventional engineering plastics or to dissimilar materials, such as fibre reinforced composites, metals and glass. These structural adhesives bond these low surface energy materials without special surface preparation, leading to important advantages in industrial applications. For design purposes, these adhesives must be characterized accurately.
Shear characterization of adhesives can be performed with torsional and tensile tests. Torsional shear tests include bulk specimens, the napkin ring test and the butt joint. The torsion tests require a twisting mechanism and means of measuring the rotation angle, thus involving a specific apparatus. Tensile tests can also be employed to load adhesive layers in shear. There are two principal tensile shear tests: the Thick Adherend Shear Test (TAST) and the Butterfly Test. The last one of these includes the notched beam (Iosipescu) and notched plate (Arcan) test methods. The TAST is more popular because of easier specimens fabrication and testing [1] [2] . The single-lap joint (ASTM D 1002), which is used for comparison and quality control of adhesives, cannot prevent peel stresses owing to the asymmetry of loading. Therefore, it is not suitable for the determination of the adhesive properties in pure shear. Using stiff and thick metallic adherends, the adhesive is practically under pure shear, since peel stresses are minimized. In TAST tests, the extensometer measures not only the displacement of the adhesive, but also the displacement of the adherend [3] . Therefore, a correction to the measured displacements is necessary. According to ISO 11003-2, the correction should be deduced from the measurement of the shear strain on a 'dummy' specimen consisting of the adherend material alone. A Finite Element correction is the best choice, although a simple elasticity correction is also acceptable for not too small values of adhesive thickness. Chiu and Jones [4] studied the influence of the adhesive and adherend thickness. The thicker are the adhesive layer and adherend, the more uniform is the shear stress profile. The use of the extensometer suggested in the TAST standard has the limitations of requiring a correction and attachment difficulties. Optical methods are a valid option to overcome these limitations.
In this work, an acrylic adhesive (3M ® DP-8005) was characterized in shear by the TAST and Arcan methods. The adhesive shear displacement for the TAST was measured using an optical technique, and also with a conventional inductive extensometer of 25 mm used for tensile tests. This allowed assessing the suitability of using a conventional extensometer to measure this quantity. Since the results obtained by the two techniques are identical, it can be concluded that using a conventional extensometer is a valid option to obtain the shear modulus for the particular adhesive used. In the Arcan tests, the adhesive shear displacement was only measured using the optical technique. The comparison of shear modulus and strength obtained by the TAST and Arcan test methods was also carried out.
Experimental procedure
TAST. The TAST specimens were manufactured individually according to the indications of Kadioglu et al. [5] . The steel mould for the specimens alignment allowed bonding six specimens simultaneously. To achieve the desired overlap length and control the excess of adhesive, steel shims were inserted into the gaps between the substrates after assembly. The substrates were machined from bars of DIN Ck 45 steel. The bonding area was initially degreased with acetone, the bonding surfaces grit blasted with corundum and cleaned again with acetone before the adhesive application [6] . The adhesive was cured at room temperature. The geometry of the TAST specimens is presented in Fig. 1 (a) . The specimens were tested in a servo-hydraulic machine MTS 661.23B 01 with a load cell of 250 kN and under displacement control (0.5 mm/min). The specimen was attached to the machine by a specially designed fixture to avoid bending moments. Five specimens were tested. The adhesive displacement was measured by two methods: an inductive extensometer MTS (length of 25 mm) and a video microscope using a lens of 200x ( Fig. 1 (b) ). The length of the extensometer is larger than the overlap length (5 mm), measuring not only the adhesive displacement but also the steel Loading holes
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Advanced Materials Forum V displacement. As a result, it is usually required to apply a correction to extract the adhesive displacement. For the video microscope, the adhesive displacements are obtained by spatial correlation of image pairs acquired initially (non deformed) and during loading. The comparison of the images enables the quantification of the displacement between two images for all the pixels in common to both images. A developed computer programme uses the Fourier transform to reduce the computation time [7] .
Arcan. The geometry and final dimensions of the Arcan specimens are presented in Fig. 2 (a) , having been machined from bulk adhesive plates. The bulk specimen was manufactured using the mould designed by Costa and da Silva [8] . The mould was placed in the hot plates press and subject to a pressure of 2 MPa and to a temperature of 70ºC during 60 minutes. After the cure of the adhesive, the mould was opened for the removal of the adhesive plate. Each adhesive plate allowed manufacture two Arcan specimens. 
Results

TAST.
The failure was cohesive in all cases. The fracture surfaces for one specimens are shown in Fig. 3 for illustration purposes. A typical τ-γ curve is shown in Fig. 4 . Two curves are presented, one with the value of γ corresponding to the extensometer, thus including the steel deformation (referred by 'conv. extensometer' in the graph) and one obtained by spatial correlation, i.e., accounting only for the deformation of the adhesive (referred by 'video microscope' in the graph). The τ-γ curves
nearly identical for the adhesive tested, which implies that the steel deformation is negligible in this case. In Fig. 4 , the ''video microscope' curve ends at γ ≈ 70% because from that point the references used for spatial correlation exceed the frame limits. However, if a very stiff adhesive is employed instead, the steel deformation will represent a substantial part of the total deformation recorded by the extensometer and, in this case, it is mandatory to apply a correction in order to extract the G modulus of the adhesive correctly. Table 1 shows the shear modulus obtained by the two curves ('conv. extensometer' and 'video microscope') and the shear strength. This table also presents the results of the Arcan tests for comparison purposes. Arcan. Fig. 5 illustrates an Arcan specimen in the instant of fracture initiation. In this figure the high degree of plasticization of this adhesive can also be ascertained (noticing the relative position between the attachment pins). Fig. 6 plots the curves of average shear stress (τ) -shear strain (γ) for the specimens tested. The value of τ was estimated from the quotient between the measured load by the testing machine and the initial area of the critical section of the specimen, i.e., between the edges of the two notches. The value of γ was determined from the data of the optical system. Fig. 6 evidences the consistency between the τ-γ curves of the different specimens. The shape of the curves is characterized initially by an elastic region, followed by a plateau, where the shear stress is kept approximately constant with the increase of γ. Table 1 summarizes the results obtained with the TAST (corresponding to the extensometer and to the video microscope measurements) and Arcan tests. The shear modulus obtained in the TAST tests was slightly higher than the one obtained by the Arcan tests. However, the shear strength obtained by the TAST tests (average of 8.06 MPa) was slightly lower than the one obtained by the Arcan tests (average of 8.62 MPa). These differences may be explained by differences inherent in the TAST and Arcan methods. Other factors may have contributed to these differences, such as the test speed and the adhesive thickness used in the TAST and Arcan tests. 
Summary
In this work, the shear characteristics of the adhesive 3M ® DP-8005 were investigated with TAST and Arcan tests. For the TAST tests, the displacements measurement of the adhesive layer was accomplished by two different methods: a conventional resistive strain gauge with characteristic length of 25 mm and an optic system. The first method has a main limitation, derived from the measurement of the longitudinal displacement along a superior length than the overlap length between the two substrates. As result, the measured displacement comprises the adhesive layer and substrates displacement. To extract the deformation of the adhesive, it is usual to apply a correction to the values of displacement obtained in the tests. However, in this particular case the correction was not equated. The other method consisted on the use of an optic system for displacements measurement of the adhesive layer that prevented the strain gauge attachment problems to the specimen, eliminating also the component of substrates deformation in its readings. In the Arcan tests only the optic method was used.
In the TAST tests, the values of shear modulus obtained by the application of the two methods to measure the displacement of the adhesive layer were identical. Thus, it can be concluded that, for τ [MPa] this type of adhesive (low strength and stiffness and high ductility), the displacement of the adhesive layer in TAST tests can be simply extracted with a strain gauge, since the influence of the substrates deformations on the specimens deformation is very small. Moreover, is not necessary to the displacements correction due to deformation of the substrates, which would be required if a high strength adhesive had been used instead.
In the Arcan tests a reasonable repeatability of the results was found, in terms of τ−γ curves, and values of shear modulus and τ máx . The adhesive studied is characterized by an important plastic behaviour, after a predominantly elastic region. The plastic deformation of the adhesive occurred at an approximately constant level of stresses, from the beginning of plasticization up to failure. 
